Introduction
Disturbances in sexual function are common among chronic kidney disease and dialysis patients.
1,2 A substantial proportion of uremic patients complain of symptoms that include erectile dysfunction (ED) and decreased libido. 1, 2 Reported prevalences of sexual dysfunction in dialysis patients have ranged widely, from 41 to 93%. [3] [4] [5] [6] [7] Normal erections require a complex balance of physiological, psychological, emotional, social, hormonal, neurological and vascular factors. [1] [2] [3] [4] Any disturbance in one submit your manuscript | www.dovepress.com
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hassan et al or more of these components can compromise erection. [1] [2] [3] [4] ED among dialysis patients is thus a multifactorial problem that usually leads to a negative impact on patients' quality of life. 8, 9 Various conditions may contribute to ED in this population, including uremic milieu, medications, diabetes mellitus, hypertension, liver disease, sleep apnea, tobacco smoking, alcohol consumption, zinc deficiency, pelvic radiation or surgery, and changes in hormone levels: reduced testosterone and elevated levels of prolactin, follicle-stimulating, luteinizing and parathyroid hormones. [9] [10] [11] Overhydration (OH) is one of the most common problems of the hemodialysis (HD) population. 12, 13 However, to the best of our knowledge, data are lacking regarding the impact of hydration status on sexual function and depression in male patients treated with chronic HD. Specifically, we are unaware of studies that evaluated the direct impact of OH on ED in HD patients. This study aimed to evaluate the relationship between OH and ED in this setting.
Methods
Thirty-nine stable male patients on maintenance HD for more than 12 months participated in this cross-sectional study. Psychiatric disorders, heart failure (New York Heart Association class III or IV), acute or recent infection in the past 3 months, immunosuppressive therapy, liver cirrhosis, malignancy, amputations of limbs, implantation of prostheses, pelvic radiation, and surgery for prostate, bladder, colorectal cancer and pelvic arteries were considered exclusion criteria. The study was approved by the Helsinki Ethics Committee of the Galilee Medical Center, Nahariya, Israel. All participants signed a written informed consent form before participating in this study. All followed their usual recommended diet and continued their regular medications and dialysis regimen.
After undergoing full medical history and physical examination, all participants were assessed for hydration status, sexual function, psychological status and sex hormonal profile. Hydration status was assessed by a safe, simple, reproducible and noninvasive whole-body bioimpedance spectroscopy technique (BIS), using a Fresenius Medical Care Body Composition Monitor (BCM) device (Fresenius Medical Care, Bad Homburg, Germany). 14, 15 The OH to extracellular water (ECW) ratio (OH/ECW ratio) was used as an independent and comparable indicator of hydration status. Assessment of hydration status was performed just before starting the midweek HD session. Sexual function was assessed using the International Index of Erectile Function (IIEF) score, with a range of Fisher's exact test; data are presented as number (%) or as means and standard deviations. Kt/V, a dimensionless index that measures the fractional urea clearance during dialysis: K = blood urea clearance (l per hour), t = dialysis length (hour), V = distribution volume of urea (l). Abbreviations: Oh/eCW ratio, overhydration to extracellular water ratio; DM, diabetes mellitus; BMi, body mass index; hD, hemodialysis; DUO, daily urinary output; iieF, international index of erectile Function; BDi, Beck Depression inventory; Dhea, dehydroepiandrosterone; lh, luteinizing hormone; hsCRP, high-sensitivity C-reactive protein; Cgn, chronic glomerulonephritis; aCeis, angiotensin-converting enzyme inhibitors; aRBs, angiotensin receptor blockers; CCB, calcium channel blockers. The OH/ECW ratio significantly and inversely correlated with IIEF scores (r=−0.69, p0.001) and significantly and positively with BDI scores (r=0.64, p0.001) (Figures 1  and 2 ). IIEF scores were significantly and inversely correlated with BDI scores (r=−0.54, p0.001) (Figure 3) .
No significant correlations were found in the OH/ECW ratio or sexual function (IIEF scores) with age, BMI, HD vintage, Kt/V, DUO, hemoglobin and serum LH levels.
Discussion
The main findings of this study were higher prevalence of sexual dysfunction and depression, lower serum levels of total testosterone and DHEA, and higher levels of serum estradiol in overhydrated HD patients, as well as the inverse association of OH with sexual function and the direct association of OH with depression.
Among dialysis patients, reported prevalences of ED and depression were 40%-90% 3-5 and 20%-50%, respectively. [18] [19] [20] In the present study, 85.7% (18/21) of overhydrated patients, with OH/ECW ratio 0.15, had mild to severe ED, and 71.4% (15/21) had abnormal BDI scores, ranging from mild mood disturbances to severe depression. Overhydrated patients (OH/ECW ratio 0.15) were similar to those who were not overhydrated (OH/ECW ratio 0.15) in demographic and clinical characteristics, primary renal disease and medications. Yet they had higher serum estradiol, plasma hsCRP and BDI scores, and lower serum total testosterone, DHEA and IIEF scores. In addition, we report an inverse correlation of the OH/ECW ratio with sexual function and a direct correlation with BDI scores. Moreover, sexual function was inversely correlated with depression. Although previous studies showed a relationship between depression and ED in dialysis patients, 22 only one study reported an indirect association between OH and depression. Plasma hsCRP, a marker of systemic inflammation, was found to be significantly higher among overhydrated patients. In HD patients, uremic toxins, oxidative stress, increased susceptibility to infections, HD catheter-related infections, prolonged exposure to the dialyzer membrane and OH have been reported to contribute to the development of inflammation. [24] [25] [26] [27] Systemic inflammation may adversely affect sexual function through interfering with sex hormones. 28 OH is considered as an important cause for elevated blood pressure and plasma brain natriuretic peptide (BNP) in dialysis patients; 12, 13, 29 and this may contribute to the development of vascular complications. 12, 13, [29] [30] [31] [32] [33] Thus, OH can adversely affect sexual function also through its adverse effects on blood pressure and plasma BNP levels.
The present study showed lower IIEF scores, total serum testosterone and DHEA levels, and higher BDI scores and serum estradiol in overhydrated patients. For normal erectile function, combined activity of nerves, vessels and hormones is necessary to produce penile structural changes and erection. 34 In dialysis patients, all the above-mentioned components may be seriously affected. Both low serum testosterone and elevated estradiol levels independently increase the incidence of ED. 35 ED related to increased estradiol exposure is independent of testosterone levels. 35 In animal models, elevated estradiol has demonstrated an unfavorable effect on erectile function through increasing venous leakage. 36 Moreover, administration of exogenous estradiol produces ED in humans through an inhibitory effect on testosterone production; this reduces serum testosterone levels and impairs the structural integrity of the corpus cavernosum. 37 Furthermore, estradiol administration reduces spontaneous and nocturnal erections by reducing testosterone levels. 38 Additionally, in men with low serum testosterone levels, ED, as assessed using IIEF scores, was more severe in those with higher estradiol levels, suggesting an additive effect. 39 In rats, when ED was related to high estradiol levels, testosterone therapy was not useful in restoring erections. 40 Considering the described associations of OH with total testosterone, DHEA and estradiol, together with the associations observed of sexual function with hydration status and these hormones, the results of the present study suggest that OH may influence sexual function also through unknown mechanisms that affect sex hormones.
In summary, OH may contribute to sexual dysfunction in several ways. First, testosterone plays a crucial role in regulating male sexual function and has a primary function in controlling and synchronizing male sexual desire and arousal. 41 Low serum testosterone levels usually contribute to ED. 35 The present study showed lower total testosterone levels in overhydrated HD patients compared to those not overhydrated. Second, low DHEA levels have been related to a higher risk for ED also in people younger than 60 years. 42 DHEA supplementation has been related to improvements in ED, desire, sexual interest, sexual activity and arousal. 43 The present study showed lower DHEA levels in overhydrated HD patients compared to those without OH. Third, lower IIEF scores were found in overhydrated HD patients compared to those not overhydrated; a significant inverse and previously unreported correlation was demonstrated between hydration status and IIEF scores (Figure 1) . Fourth, depression is the most common psychiatric illness in patients with end-stage renal disease and is one of the main disabling diseases contributing to ED. 18, 44 Higher BDI scores were found in overhydrated HD patients compared to those not overhydrated. Moreover, a significant direct and not previously described correlation was found between hydration status and BDI scores (Figure 2 ) as well as a significant and inverse correlation between IIEF and BDI scores (r=−0.54, p0.001) (Figure 3) . Fifth, higher levels of estradiol were found in overhydrated HD patients compared to those not overhydrated. In this regard, elevated serum estradiol levels reduce nocturnal erections and can contribute to ED, independent of testosterone levels. [35] [36] [37] [38] Sixth, inflammation is known to be common among HD patients; [24] [25] [26] OH has been shown to aggravate systemic inflammation in this population. 45 Systemic inflammation may adversely affect sexual function by interfering with sex hormones. 28 The present study showed higher hsCRP levels in overhydrated HD patients compared to those not overhydrated. These findings suggest that OH may contribute to the development of ED through worsening 
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Finally, this study showed novel and statistically significant differences between HD patients who were overhydrated and were not overhydrated. Taken together, the findings of the present study suggest that OH may have a detrimental effect on sexual function in HD patients.
Conclusion
OH in HD patients was found to be associated with a higher prevalence of sexual dysfunction and depression, lower serum levels of total testosterone and DHEA, and higher levels of serum estradiol.
Although ED itself is a multifactorial problem and treatment strategies should be directed to improve all issues that may contribute to sexual dysfunction, improving treatable causes such as OH should be considered in this setting.
This study was conducted in one center and comprised a relatively small number of patients. Nonetheless, the findings may prompt multi-center studies to verify and confirm the role of OH on ED in HD patients.
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